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The quest to make aviation fuel directly from
carbon dioxide, water and sunlight

May 25 2023, by Elin Béackstrom
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Graphical abstract. Credit: Bioresource Technology (2023). DOI:
10.1016/j.biortech.2023.129068

In the quest for fossil-free fuels for aircraft, a new study shows that
isoprene could be part of a future solution. Isoprene can be produced by
blue-green algae from sunlight, water and ordinary carbon dioxide. The
productivity of the cyanobacteria increases if they are exposed to violet
light or higher temperatures, and isoprene is ideally suited for
photochemical processing into aviation fuels.

These are the findings of two separate studies from the Department of
Chemistry—Angstrom Laboratory at Uppsala University, which are now
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being published in Photochemical & Photobiological Sciences, and
Bioresource Technology.

"Our study shows that isoprene is actually an ideal hydrocarbon, and that
the photochemical reaction can be optimized under conditions that are
also suitable for photobiological isoprene production,” says Henrik
Ottosson, Associate Professor of Physical Organic Chemistry and
principal author of one of the studies.

Sustainable aviation fuels (SAFs) have an important part to play in
developing fossil-free aviation fuels and by extension reducing carbon
dioxide emissions from aviation. Although electric aviation could
provide another solution, particularly for short flights, batteries still do
not deliver enough energy for longer flights. One emerging way to create
sustainable aviation fuels could be solar-driven production of
hydrocarbons by photosynthetic microorganisms.

Two research groups at Uppsala University, led by Henrik Ottosson and
Pia Lindberg respectively, have studied a combined photobiological-
photochemical method for producing synthetic sustainable aviation fuel.
In their research, they have used genetically modified photosynthetic
microorganisms, cyanobacteria, that have been genetically engineered to
include a new enzyme from the Eucalyptus tree. This enzyme enables the
cyanobacteria to manufacture the hydrocarbon isoprene, using solar
energy and carbon dioxide from the air.

In a previous study, published in November 2022, the same researchers
reported that isoprene from cyanobacteria can be dimerized
photochemically into larger hydrocarbons that, following hydrogenation,
are very similar to existing aviation fuels. The method has great potential
usability, as it employs sunlight as the energy source for both processes.
One question, however, is whether isoprene itself is the best starting
material for the photochemical reaction.
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To find out whether isoprene or some other hydrocarbon is the most
suitable for producing sustainable aviation fuel, Henrik Ottosson's
research group has studied an extended set of small hydrocarbons,
several of which can be produced by biotechnological means. The results
of the study show that the molecular structure of a hydrocarbon affects
the efficiency with which it undergoes the photochemical reaction.

Although isoprene can demonstrably be produced by cyanobacteria, the
overall yield is still very low. Pia Lindberg's research group, in
collaboration with Global Change Research Institute in Brno, Czech
Republic, and others, has therefore carried out a study to investigate
cultivation conditions that may influence productivity.

"We can show that both violet light and higher temperatures can increase
the productivity of the cyanobacteria. Another finding is that isoprene
increases the heat tolerance of cyanobacteria, enabling them to survive at
higher temperatures than they normally would, which could be an
advantage for large-scale production using sunlight," says Lindberg,
Associate Professor of Microbial Chemistry and author of the other
study.

The results from the photobiological and photochemical processes
improve the prospects of replacing fossil fuels in aviation. The
technology will need further development to make it possible to realize
the final goal of establishing an industrial process by 2040.

More information: Sindhujaa Vajravel et al, Toward combined
photobiological-photochemical formation of kerosene-type biofuels:
which small 1,3-diene photodimerizes most efficiently?, Photochemical
& Photobiological Sciences (2023). DOI: 10.1007/s43630-023-00418-0

Jodo S. Rodrigues et al, Characterizing isoprene production in
cyanobacteria—Insights into the effects of light, temperature, and
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isoprene on Synechocystis sp. PCC 6803, Bioresource Technology
(2023). DOI: 10.1016/j.biortech.2023.129068
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